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A COMMUNICATIOH' SATELLITE DEDICATED TO THE
DELIVERY OF EDUCATIONAL PROGRAMMIMO

Frank C. Weaver, President and CEO
UNET Communications, Inc.
Fort Washington, Maryland
ABSTRACT

This paper studies the application of communication satellites as
a mechanism for providing universal access to the rich,
educational resources of this great nation* 1 A space segment
configuration is proposed that would link the nation's 125,000
school buildings (grades K-12) , the 3,000 colleges and
universities and 6,000 libraries. To justify "the investment, the
cost of the proposal is compared to current ad hoc expenditures
for the delivery of educational programming.
An analysis of the universe of existing earth stations and the
current capacity and future demand of transponders for this
purpose is made. To reduce the potential shortfall of engineers
and scientists in the 21st century, state-of-the-art techniques
that can reach and train an even larger number of people must be
utilized.
Criteria for an Education Satellite

Estimates are there will be a shortfall of 700,000 engineers and
scientists in the early 21st century. Demographic studies
indicate the majority of new entrants into the workforce then
will be women and minorities, currently under-represented in
these fields. Because of educational budget limitations, new
techniques, like an education satellite, must be applied to
reach, train and re-train the 21st century workforce,
Several criteria served as the guiding principles for developing
a communication satellite system for the delivery of educational
programming. They are: access, equity, high, quality,
affordability, effectiveness , compatibility, timeliness ,
predictability, reliability, efficiency, flexibility,
sufficiency, full utilization,, and, realistic fundability. More
than any other delivery system., communication satellites satisfy
these requirements. A brief review of some of the available
delivery systems substantiates this conclusion.
lrThe research was conducted by the author in support of 'the EDSAT Institute's goal to establish an education
satellite.
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Alternative Delivery Systems
Satellites
Satellites have the capability to deliver a signal that can be
received anywhere in its footprint (which can cover all 50
states) and by anyone with a satellite dish. Currently, there
are several satellites in orbit with the capability to transmit
educational programming and there will be no delay in waiting for
a system to be built in order to begin transmission. In
addition, satellites have a tremendous capacity to transmit
several programs simultaneously. With the advent of digital
video compression technology, up to 10 or more video programs may
be transmitted over a single transponder simultaneously, thereby
enhancing the throughput of a satellite without having to spend
one cent in redesigning or retrofitting the existing base of
satellites in orbit. Using very small aperture terminals
(VSATS), it is possible to combine video, audio, and data with
interactivity.
Coaxial Cable
Of the 92 million U.S. television households (TVHH), 53 million
or 57% subscribe to basic cable service. Not all households are
passed by cable, because it is either not cost-efficient to lay
the cable, or areas are too sparsely populated to justify the
investment. Not only are satellites being used by cable
programmers to reach subscribers, but also to reach homes
inaccessible to cable.
Cable is limited in its throughput capacity. The average channel
capacity of cable systems is 35 channels. This is scarcely
enough to satisfy the voracious demand for entertainment and to
offer capacity for educational programming.
Fiber Optic Cable
Fiber does introduce some advantages such as: greater bandwidth
capacity than coaxial cable; lower loss of signal strength over
distance; and interactive capability. However, fiber is not
available everywhere. It is estimated that for telephone
companies to wire the nation, it would cost between $500 to $900
billion, and it certainly would take several years to wire the
country.
Microwave and Terrestrial Broadcast TV
They are the oldest technology and presently are the primary
vehicle for instructional television. Although both are
effective means of video distribution, each has coverage and
capacity limitations and cannot compete with satellites for
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nationwide or even regional coverage.
Summary
Considering the advantages and disadvantages of each, satellite
transmission is the most effective for satisfying the stipulated
criteria in the preceding section. Satellites are also
compatible with other delivery systems and can capitalize upon
the inherent advantage of each.
The Education Satellite Market

Satellites and Transponders
At least 9 C-band satellites providing 30 or more full-time or
occasional use transponders offer educational services. They are
GE Satcom Cl and 1R; Hughes Westar 4 and 5; Hughes Galaxy 2 and
3; GTE Spacenet 1 and 2; and Telstar 301. At Ku-band, 8
satellites provide 22 or more full-time or occasional-use
transponders. They are GTE GSTAR 1 and 2; GTE Spacenet 1, 2, and
3; GE Satcom Kl and 2; and Hughes SBS 4.
As of October 31, 1991, 158 Ku-band transponders were operational
on U.S. satellites. Of that amount, 134 are in use. Educational
programming was delivered on 16% of them. There were 400 C-band
transponders operational for the same period, with 330 in use.
About 9% carried instructional programs.
Present satellite providers probably will continue to have space
for their current education clients. However, consolidation of
educational programming on one or more satellites will result in
some migration of present users from existing satellites to other
inflight or new satellites in order to accommodate the present
market. Presumably, lower cost reliable transponder time also
would result in greater availability and use of satellite-based
instruction.
Program Providers
At least 111 providers of educational programming delivered by
satellite have been identified. A study compiled by Kentucky
Educational Television of 20 of the larger providers revealed
that they used over 75,000 hours of transponder time during the
1990-91 school year. If the prime broadcast time is 12 hours,
taking into consideration time zone differences, for 5 days a
week for 36 weeks (the typical school year), these 20 agencies
would average 2,160 hours per year and use at least 35
transponders during the designated time frames.
If one assumes a satellite has 24 transponders, then these 20
program providers conceivably could use nearly 73% of the
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capacity of two satellites during the prime broadcast time. With
underutilization during the remaining hours, a cost-efficient use
of a dedicated satellite system would require imaginative
educational programming targeted to non-traditional students,
other educational uses of excess time, or the sale of unused time
to non-education users.
Since the 20 KET agencies represent only 18% of identified
providers, the probable demand for transponder time will be much
greater than estimated in the KET study. The problem does not
seem to be demand as much as the lack of coordination in
purchasing satellite time so as to gain maximum economic benefit
from such a large expenditure.
Assessment of Existing Earth Stations
A minimum of 55,000 receive sites of educational telecommunications have been identified. This figure does not include
business television for training. There are about 125,000 school
buildings (grades K-12) in the country, 3,000 colleges and
universities and 6,000 libraries.
In a Fall 1990 Quality of Education study, 16% or 2336 of the
nation's 15,000 school districts have satellite dishes,
representing 23% or 19,201 schools in all districts. One earlier
study of school districts with satellite dishes identified that
68% are C-band, 40% are Ku-band, 7% are C and Ku-band, and 84%
are steerable. In addition, there are over 3 million home
satellite dish owners, mostly at C-band. Due to the mix of earth
stations operating at both C and Ku-bands, satellite service
should offer dual frequency capability.
The size of these earth stations varies from about 2.0 m to 10 m
(6 to 30 feet) in diameter. There is a strong desire by program
providers to offer broadcast quality reception; therefore, a
somewhat larger dish is required to receive the weaker signal
from some of the older C-band satellites. The use of higher
power Ku-band transponders reduces the size of the earth station
to about 1.2m (4 feet). Most dishes are mounted on the ground to
minimize problems of having to reinforce foof structures to
withstand the weight and wind loading conditions imposed by these
dishes.
Although no actual cost figures are available from educational
telecommunications users, it is known that earth station costs
for equipment including installation can range from about $2500
to $30,000 or more. This figure excludes costs of peripherals
such as TV monitors, phone lines, video cassette recorders and
personal computers; or of linking the dish to several locations
around a site.
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Space Segment Configuration/Deployment
When one looks at the universe of satellites for educational
telecommunications, both C and Ku-bands are used. Hence, any
education satellite must offer capability at both frequency
bands. If one were to aggregate the users on one satellite, it
should be a hybrid. It may also be desirable to provide crossstrapping of C and Ku-band transponders onboard the satellite.
One could uplink at C-band and the satellite would convert the
frequency to downlink at Ku-band in addition to being able to
receive an uplink at Ku and downlink at C-band. Cross-strapping
would make it possible to access the large number of C-band
dishes at cable headends and private households plus the growing
number of Ku-band dishes.
The FCC will require full frequency reuse of both bands on a
single satellite in order to maximize use of limited orbital
slots. Hybrid satellites such as GTE Spacenet 1, 2 and 3 offer
full frequency reuse at C-band but not at Ku-band. Because of
the increased demand for satellite capacity and the limit of
spectrum, the FCC has determined that these designs are no longer
an efficient use of an orbital slot.
Because instructional programs originate from and are received in
all 50 states, it is necessary for the satellite to have CONUS
uplink capability so that the location of any program provider or
receiver is not restricted.
A few comments on the relationship of satellite power to dish
size are necessary. Generally speaking, the higher the power on
the satellite, the smaller the dish and that implies lower cost
of equipment and installation. The current on-orbit C-band
satellites operate between 5 and 16 watts and generally require 2
to 4 meter dishes for signal reception. Since Ku-band satellites
are powered from 20 to 45 watts, the dish size can be as small as
1.2 meters. Future trends are towards even more power on the
satellite at both frequency bands.
The highest power satellites being proposed, from 100 to 200
watts, are the direct broadcast satellites operating in the
Broadcast Satellite Service (BSS) with an uplink at 17 GHz and a
downlink at 12 GHz. It is anticipated that reception of a high
quality signal can be achieved with a 13 inch flat plate antenna
or a similar size parabolic dish. It should be noted that the
circular polarization scheme in the BSS band differs from the
linear polarization in the Fixed Satellite Service (FSS) band of
existing satellites and earth stations. To achieve
compatibility, the existing universe of dishes must be
retrofitted or replaced to receive signals in the BSS band. In
any event, none of these new BSS birds will be launched and
operational before 1994. It usually requires about three years
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to build a communication satellite and the launch vehicle
required to place it into orbit.
Ironically, new satellite systems in the FSS band are offering
higher power at Ku-band at 60 watts and 120 watts by combining
the output of two 60 watt transponders. AT&T's Telstar 4, due
for launch between late 1993 to early 1994, will provide this
capability. Other replacement satellite systems also may offer
similar power levels. Since they will operate at the same
frequencies and polarizations currently in use, there will be no
compatibility issue.
Satellites that service the educational telecommunications market
today and for the future should operate at both C and Ku-bands in
the Fixed Satellite Service. In addition, BSS could augment
program offerings and should be considered if and when these
systems become operational.
Technologies for Transmission and Reception

Digital video compression can help to increase transponder use by
allowing more than one video program to be transmitted
simultaneously over a single transponder. Estimates range up to
10 or more video signals per transponder. At present, no
compression service of more than eight signals per transponder
has been announced for commercial operation. Compression
techniques do not affect the satellite design. Instead they
reduce the amount of transponder capacity required and thereby
lower the cost of transmission. There is an impact to the uplink
and downlink ground systems. It will be necessary to retrofit
ground stations to receive or transmit both analog and digital
video transmissions.
Subcarriers along with the video signal offer the potential for
foreign language translation simultaneously as well as special
services such as data, audio, and closed-captioning for the
hearing impaired. Technology should and can make educational
programming available to all regardless of handicap.
VSATS are one of the fastest growing applications of satellite
technology. Hundreds of business networks employ VSAT systems to
handle data, audio and video transmission with two-way capability
among several sites within an organization. Most of these
services are provided on Ku-band satellites. This being the
case, there will continue to be increased competition between the
business and education sectors for access to the already limited
supply of Ku-band transponders.
Program encryption is a capability that can be incorporated into
the ground system for both uplink and downlink equipment.
However, this is a decision for the program provider.
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The uplink transmitter would require scrambling equipment and the
earth stations need a decoder to unscramble the transmission for
viewing. Consequently, there will be an incremental cost added
to the earth stations.
Financial Considerations

Depending upon the design configuration, a communication
satellite can cost between $50 to $75 million. The launch
vehicle required to place the satellite into orbit is priced in
the $50 to $75 million range. Insurance to replace both the
satellite and the rocket in the event of a launch failure or some
other anomaly would cost about 20% of the combined cost of the
satellite and launch vehicle. Total space segment costs are
estimated to be:
1 Satellite @ $75M
1 Launch @ 75M
Subtotal
Insurance @ 20%
Total

$75 million
75
150
30
$180 million

It is prudent to purchase two satellites and launch services in
the event of a catastrophic failure of one, thus reducing the
time to replace the lost satellite to only a few months. Such a
plan obviously would double the cost.
Total system cost also must consider the cost of the ground
segment, which is the size and cost of the thousands of earth
stations to be used for satellite reception. As noted earlier,
increasing power on the satellite would reduce the antenna size
and thus its cost. When several thousands of earth stations are
involved, this is always a beneficial trade even if the space
segment costs rise. This rise will always be offset by the
reduction in ground segment costs.
The 20 program providers in the KET study are spending over $45
million per year in transponder leases and represent just 18% of
the purchasers of satellite time. It is plausible to assume that
the total market is in excess of $50 million annually which is
more than enough to pay for a satellite in about 7 years
including the annual cost of maintaining it.
A Governing Structure

An organization comprising "education users and buyers" of
communication services is necessary to govern, set policies,
purchase and manage affordable and equitable satellite access.
For this purpose, the National Education Telecommunications
Organization (NETO) was incorporated on October 17,1991.
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To date, more than 75 major educational institutions, state
agencies, and program providers have expressed interest in
affiliation with NETO. Its members will include former and
current public officials, educators, telecommunications experts,
state and education agencies and private sector representatives.

As a first step to building an integrated land and space highway
dedicated to cost-effective and equitable distribution of
instructional and education programs, NETO has created the
Education Satellite Corporation, a non-profit business subsidiary
to operate and to manage satellite services to affiliated
education and state agencies.
'

CONCLUSIONS

To provide ubiquitous and equitable access to all 50 states, a
communication satellite is the most effective delivery system,
and it satisfies the fundamental criteria previously mentioned.
It should operate in both the C and Ku bands at the highest power
level possible so that smaller and less expensive satellite
dishes can be used to receive programming. Digital video
compression should be used to increase the capacity throughput of
the system.
For the benefit of users, it makes sense for all to have a
dedicated orbital location from which to receive a program.
aggregation of users promotes economies of scale and
multiplicity of program choices.

The

As the universe of users of satellites for educational
programming continues to expand, they must be assured access to
transponder time during school hours. An organization like NETO,
dedicated to the education market, can effectively manage
satellite use at rates and availability unaffected by business
market demands.
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